patients showed poor results after conservative treatment of deltoid ligament rupture, details of the severity of the residual pain and deformity were not provided. 7, 11, 33, 40 On the other hand, there was a report that over 60% patients showed tenderness over the deltoid ligament, and 38% patients showed medial instability with conservative treatment of deltoid ligament injury after fixation of ankle fracture, 20 leaving questions on whether these patients would have benefited from repair of the ruptured deltoid ligament.
From our experience of treating rotational ankle fractures conservatively until 2008, we found that there was persistent pain and swelling around the deltoid ligament occasionally, even after anatomical healing was observed. It was often accompanied by medial ankle instability and associated with feelings of the ankle giving way medially and/or recurrent MCS widening. Some patients who underwent fixation of an ankle fracture and syndesmosis had medial ankle instability. Intraoperative stress test was positive even after ankle fracture and syndesmosis fixation, which led us to the hypothesis that deltoid ligament injury predisposed patients with ankle fractures to instability even after fixation. We believe that retraction of the deltoid ligament complex, with subsequent healing in a nonanatomical position, may lead to persistent medial gutter pain, instability, and functional loss in the long term with the potential for early arthritis. The purpose of this study was to evaluate the radiologic and clinical outcomes of deltoid ligament repair during ankle fracture fixation compared to conservative management with fracture fixation.
Methods
The institutional review board approved this retrospective study. We reviewed 78 consecutive cases of deltoid ligament injuries with lateral malleolar fracture treated between October 2001 and February 2016. The following inclusion criteria were applied: all skeletally mature patients (at least over 16 years of age), diagnosis of a malleolar fracture with a confirmed or suspected deltoid ligament rupture, a fracture that occurred within 3 weeks of presentation, no prior ankle fractures or abnormalities, no pathologic fractures, no neurovascular injury, no head injury, and no cognitive impairment. All the fractures were closed. Patients with less than 1 year of follow-up were excluded. Swelling, ecchymosis, and tenderness were present at the medial malleolar area in all cases. Preoperative anteroposterior, lateral, and stress gravity mortise view radiographs 31 were performed. The stress gravity mortise view radiographs were evaluated for increased MCS and syndesmosis parameters. The deltoid ligament injury was suspected if the MCS was over 4 mm or 1 mm greater than the superior joint space 11, 26, 34 on the stress gravity view and/or evidence of lateral talar subluxation. The fractures were classified according to the Lauge-Hansen classification system. Three-dimensional computed tomography (CT) scan was obtained for all patients who underwent surgery for their ankle fracture. Magnetic resonance imaging (MRI) scan was obtained for 25 (34%) of the patients. Of those who underwent an MRI, 22 (88%) were found to have a complete deltoid rupture. The postoperative and final clinical follow-up radiographs were obtained to review for maintenance of the reduction and signs of arthritic changes. Clinical follow-up involved an office visit, where radiographs and clinical examinations were performed. With the numbers available, no significant differences between the 2 groups could be detected in terms of sex, age, affected side, causative trauma, fracture classification, the average time from initial injury to surgery, and time to union (P > .05).
All of the lateral malleolar fractures were treated with open reduction and internal fixation with a plate and screws. Although we did not perform routine preoperative MRI or intraoperative arthroscopy, syndesmotic instability could be suspected in some patients preoperatively through preoperative stress gravity mortise view and CT, which were performed in all patients. Based on preoperative findings and with an intraoperative Cotton test, 28 which was performed routinely after fracture fixation in all patients, syndesmosis instability was assessed. If the syndesmosis was unstable based on a Cotton test, 1 or 2 syndesmotic fixation screws were placed. Between 2001 and 2008, conservative treatment of a ruptured deltoid ligament after fixation of the ankle fracture was performed for 37 patients (group 1). However, operative repair of the ruptured deltoid ligament was attempted in addition to the fracture fixation from 2009 to 2016 for 41 patients (group 2). The operative indications for the deltoid ligament complex were as follows: if the MCS was over 4 mm or 1 mm greater than the superior joint space on the stress gravity view and/or evidence of lateral talar subluxation, which suggested a complete rupture of the deltoid ligament complex after fixation of the ankle fracture was done. After fixation of the ankle fracture including syndesmosis fixation, the stress gravity view and external rotation stress test were performed with intraoperative fluoroscopy. Patients with residual instability were classified as group 2, and then deltoid ligament repair was performed. Repair of the deltoid ligament was not necessary in patients with negative stress exam after fracture and syndesmotic fixation (Figure 1 ). Operative treatment was performed by 1 of 2 senior orthopaedic foot and ankle surgeons (S.Y.B. and H.J.C.) at 1 institution. Ligamentous repair was completed with suture anchors. Less than 1 mm of change in the MCS during stress manipulation was considered a good result after surgery.
According to our treatment protocol, 41 patients underwent direct deltoid repair. We classified the deltoid ligament component as being in the superficial or deep layer. According to the craniocaudal extent, the site of the ligament rupture was classified as proximal (medial malleolar), mid-substance, or distal (talar), and the state of rupture was classified as complete (avulsion) or partial. Our principle for repair of a ruptured deltoid ligament was to place the suture anchor near the rupture site. After the lateral malleolar and syndesmotic fixation were complete, a curved 5-to 6-cm incision was made just below the medial malleolus and extended distally. The deep fascia was incised after retracting the tibialis posterior tendon plantarly to expose the superficial and deep fibers of the deltoid ligament. A rongeur was used to create a bleeding cancellous surface for soft tissue healing. According to the site and extent of the rupture, 1 or 2 suture anchors (SutureTak with FiberWire; Arthrex, Naples, FL) were placed in the medial malleolus, 5 mm lateral to the cartilage or medial aspect of talus ( Figure  2 ). Suture anchors were buried slightly below the bony surface, and FiberWire sutures were used to create a full-thickness, horizontal mattress suture pattern in the deltoid ligament complex for a direct repair. All of the proximal ruptures of superficial and deep deltoid could be advanced to the medial malleolus or advanced using a suture anchor around the medial malleolar rupture site. In the case of midsubstance rupture of the superficial deltoid ligament, the rupture site was close to the medial malleolar attachment. It was possible to approximate to the medial malleolus by the suture anchor. If the deep deltoid ligament had been completely detached from its insertion on the talus, 1 or 2 anchors were placed on the medial aspect of the talus. In the case of isolated deep deltoid ligament rupture without rupture of the superficial deltoid, we performed a longitudinal incision at the middle of the superficial deltoid. After repair of the deep deltoid ligament rupture by suture anchor, the superficial deltoid complex was repaired by direct suturing. All partial ruptures were repaired by direct suturing.
During the repair, the ankle was slightly inverted to reduce tension on the deltoid complex repair. Once the sutures from the anchor had been placed and the appropriate tension was applied, the surrounding soft tissues were imbricated to provide additional support. The remaining FiberWire suture or other absorbable sutures were used to reinforce the deltoid ligament complex repair and approximate any other torn edges. Final anteroposterior, lateral, and stress gravity mortise radiographs were taken to confirm an anatomic reduction of the fracture site, syndesmosis, and MCS ( Figure 3 ).
All patients followed a standardized postoperative rehabilitation protocol consisting of being nonweightbearing in a splint for 2 weeks after surgery, followed by nonweightbearing in a cast for 2 to 4 weeks. From 4 to 6 weeks postoperatively, patients were transitioned into a boot brace with progression of weightbearing. Physical therapy was started 6 weeks postoperatively, with range of motion and stretching. Full weightbearing was allowed after radiological evidence of bone union.
All patients had a minimum of 1-year follow-up after surgery, with serial clinical examinations and radiographs. Patients were examined at 3 weeks, 6 weeks, and 3, 6, and 12 months postoperatively. For radiologic assessment, we used the initial, postoperative, and last follow-up mortise stress view radiographs in all patients. We measured the width of the MCS based on the distance from the medial malleolar articular surface to the point of the medial talar surface, crossing the line 1 cm below the talar dome. 29 The tibiofibular clear space (TFCS) and the tibiofibular overlap (TFO) were also measured 1 cm above the tibial plafond to evaluate for syndesmotic instability. A positive stress radiograph was defined as an MCS greater than 4 mm or MCS 1 mm greater than the superior tibiotalar articular space. 12, 36 All radiographs were retrospectively reviewed and documented for data analysis by 2 foot and ankle fellowship-trained orthopaedic surgeons.
All observers were blinded to the clinical information. To test the reproducibility of the findings, one author (S.H.W.) who had not been involved in the initial treatment of any of the patients measured all of the radiographs 2 times with an interval of 2 weeks between the measurements. The values were averaged and statistically analyzed. The functional assessment included an evaluation of the American Orthopaedic Foot & Ankle Society (AOFAS) ankle-hindfoot scale 22 and the Foot Function Index (FFI). 2 The clinical outcomes were evaluated using the visual analog scale (VAS) for pain. 13 All functional and clinical outcomes were assessed in all patients at the final followup visit.
Statistical analysis was performed using SPSS software, version 20.0 (SPSS, Inc, an IBM Company, Chicago, IL). Continuous variables with abnormal distribution were analyzed with the Mann-Whitney U test. Independent t tests were used to compare variables with a normal distribution. Categorical data were statistically analyzed by means of a χ 2 test or Fisher's exact test (n < 40 or t < 1). A linear regression model was used to analyze the relationship between the final follow-up MCS and functional outcomes. Statistical significance was determined using an a priori α level of .05. The mean, standard deviation (SD) and range (minimummaximum) are reported.
Results
The average operative time was 67.8 minutes in group 1 and 84.5 minutes in group 2 (P < .01). According to the LaugeHansen classification, there were 32 (86%) supinationexternal rotation-type fractures, 5 (14%) pronation-external rotation-type fractures, and 30 (73%) supination-external rotation-type fractures in group 1, while there were 11 (27%) pronation-external rotation-type fractures in group 2 (P = .15). Syndesmotic fixation was performed for 17 (46%) fractures in group 1 and 27 (66%) fractures in group 2 (P = .08). All patients were followed up for a minimum of 12 (range, 12-48) months, with an average of 17 months follow up (Table 1) .
With the numbers available, no significant difference could be detected between the 2 groups with regard to preoperative, postoperative, and final follow-up radiologic parameters (P > .05), except for the average final follow-up MCS, which was 3.7 ± 0.6 mm (range, 2.4-5.4 mm) in group 1 and 3.2 ± 0.5 mm (range, 2.4-4.9 mm) in group 2 (P < .001), and medial instability (over 4 mm MCS on the stress gravity mortise view) at final follow-up, which was found in 11 patients (35.3%) of group 1 and 1 patient (2.4%) of group 2 (P = .001). With the numbers available, no significant differences could be detected when comparing the 2 groups with regard to AOFAS score (P = .805), VAS (P = .271), FFI (P = .706), and medial side pain (P = .077) ( Table 2) .
When comparing those who underwent syndesmotic fixation between the 2 groups, the average MCS at the final follow-up was significantly smaller in group 2 than in group 1 (3.1 ± 0.4 mm vs 3.7 ± 0.7 mm; P = .02). The medial instability at final follow-up was present only in group 1 (6 patients vs 0 patient; P =.006). The average AOFAS score was significantly higher in group 2 than in group 1 (P = .02). The VAS and FFI were significantly lower in group 2 than in group 1 (P < .05). Medial side pain (deltoid ligament tenderness) was found in 5 patients of group 1 and 1 patient of group 2 (P = .25) ( Table 3) .
A linear regression analysis showed a significantly negative correlation between the AOFAS score and the final follow-up MCS (β = −0.034, P = .033). The VAS score and the FFI positively correlated with the final follow-up MCS (β = 0.028, P = .022 and β = 0.013, P = .043, respectively) ( Table 4) .
The most common rupture site of the superficial and deep deltoid ligament was the medial malleolar attachment (70% of deep and 100% of superficial deltoid ligament). Except for 2 mid-substance ruptures, all of the superficial deltoid ligament ruptures occurred in the medial malleolar attachment, including 3 avulsion fractures. Rupture of the distal site occurred in 10 patients, and all were deep deltoid ligament ruptures, including 2 small avulsion fractures of the talar attachment. There was no mid-substance rupture of the deep deltoid ligament. There were 4 partial ruptures of the superficial deltoid ligament, which accompanied complete rupture of the deep deltoid ligament (Table 5 ).
There was 1 patient with medial ankle pain due to a suture anchor or FiberWire after ruptured deltoid ligament repair. The values are given as the mean ± standard deviation or number (%). There were no intraoperative or postoperative complications noted. No evidence of posttraumatic arthritis was seen on the final radiographs in any patient.
Discussion
The deltoid ligament complex plays an important role in ankle joint stability. It is the primary restraint of posterior translation of the talus, particularly in plantarflexion. It also functions to restrict lateral shifting and anterior displacement of the talus. It controls external and internal rotation of the talus, in conjunction with the anterior talofibular ligament. 38 Biomechanical studies involving a physiologically loaded ankle model demonstrate that an uninjured medial complex of the ankle centers the talus beneath the tibial plafond, regardless of a displaced lateral malleolar fracture. 12, 27, 32 Disruption of the medial deltoid ligament complex allows the talus to laterally migrate or tilt within the mortise. Such misalignment will result in altered joint mechanics. Studies have shown that even small deviations from anatomic alignment will result in a greatly reduced joint contact area. 30 Earll et al 10 reported that tibiotalar joint changes occur after sectioning the superficial deltoid ligament complex. The joint contact area decreased 43%, the peak pressures increased 30%, and the centroids moved 4 mm laterally. These findings could contribute to the degeneration and development of osteoarthritis of the tibiotalar joint.
In the present study, if the MCS was over 4 mm or 1 mm greater than superior joint space, a deltoid ligament rupture was diagnosed. 34 If the medial and syndesmotic spaces were not widened, the injury could be missed. MRI could be helpful in evaluating a suspected deltoid ligament injury and useful in individual cases in which there is doubt about joint stability or soft tissue integrity. 19, 34, 37 Unfortunately, in our study, MRI evaluation was performed on only 10 patients (27%) in group 1 and 15 patients (36.6%) in group 2. Among those patients, 88% had positive MRI findings. Because of the high cost of an MRI, we primarily used the stress gravity mortise view to detect a deltoid ligament injury. Currently, medial instability in ankle fractures is determined by measuring the MCS on plain radiographs. However, a previous arthroscopic study reported a significant false-positive rate of 53.6% for complete tears of the deep deltoid ligament by radiographic widening of the MCS (4 mm or more). 32 Cheung et al 3 have reported that MCS widening usually correlated with tears of the syndesmotic ligaments and deep deltoid ligament. Therefore, after the diagnosis of the ankle fracture, the degree of MCS in the stress gravity mortise view was determined first. Conservative treatment was performed according to the degree of displacement of the fracture without instability (370 patients). Operative fixation of the fracture was performed if instability was suspected on preoperative radiographs. To eliminate the effects of MCS widening due to fracture and syndesmotic instability, intraoperative stress gravity mortise view and external rotation stress test were performed after fracture and syndesmosis fixation through fluoroscopy. The intraoperative stress radiographs were taken under anesthesia with the leg stabilized in approximately 10 degrees of internal rotation and the ankle in neutral dorsiflexion, with an external rotation force of approximately 3.6 to 4.5 kg applied to the ankle. 26 A positive finding on the stress radiograph was defined as a MCS of over 4 mm that was also over 1 mm greater than the size of the superior joint space. 36 Deltoid ligament repair was performed with instability after ankle fracture and syndesmotic fixation. 26, 36 In our study, deltoid ligament rupture after acute trauma was common in both the superficial and deep ligaments, which is in concordance with a previous MRI study. 19 Some authors have reported that deltoid ligament rupture was more common in the deep ligament than in the superficial ligament. 4, 14 In some previous studies, deltoid ligament injuries have been categorized clinically. Proximal injury of the superficial deltoid ligament was the most frequent, followed by distal injury. We found a high incidence of proximal ruptures of the superficial deltoid ligament with ankle fractures. 19 The frequency of deep deltoid ligament rupture was similar to a previous report (20%-50% occurrence in ankle fracture). 37 Repair of a ruptured deltoid ligament associated with a fracture of the malleolus is still controversial. Previous studies have shown that nonoperative management of deltoid injuries in the setting of acute ankle fractures has satisfactory results without evidence of postoperative instability or loss of MCS reduction. 8, 9, 33, 40 However, some patients in each study had suboptimal outcomes, 7, 11, 33, 40 leaving questions regarding whether these patients would have benefited from a repair of the deltoid ligament. There was also a lack of objective clinical outcome measures, such as AOFAS, VAS, or FFI scores. 7, 11, 33, 40 On the other hand, Johnson and Hill 20 reported on lateral malleolar fractures with a deltoid ligament rupture in 29 patients treated with fracture fixation only. Ten patients (34%) had residual pain along the medial side of ankle, and 18 patients (62%) had medial ligament tenderness. The deltoid ligament was found to have laxity on examination with abduction or external rotation tests in 8 patients (27%). Yu et al 39 found that a deltoid ligament rupture can be repaired in patients with an unstable medial ankle after fracture fixation and prevent ankle stabilizationrelated complications in their multicenter study. Lee et al 24 reported in their prospective study on isolated lateral malleolar fractures using MRI; some patients who underwent fixation of isolated lateral malleolar fracture had medial instability on intraoperative valgus stress test (high-grade unstable fractures). They found significant differences only in the anterior deltoid ligament injury grades in MRI compared to stable and low-grade unstable fractures. Based on this, the anterior deltoid ligament appears to contribute more to ankle stability than previously thought. Therefore, they recommended anterior deltoid repair by suture anchor in addition to lateral stabilization in the case of high-grade unstable fractures.
In more recent literature, increasing attention has been given to medial ankle instability, chronic deltoid insufficiency, and the associated functional and clinical effects of the deltoid injury. 1, 6, 14, 16, 23, 35 Although the authors did not evaluate deltoid reconstruction in the setting of acute ankle fractures, Hintermann et al 16 found that operative reconstruction of the deltoid ligament complex using suture anchors resulted in good to excellent results in most of the cases in their prospective study. Pain in the medial gutter was noted in all cases. The authors found that medial ankle instability was most commonly associated with patientreported feelings of the ankle giving way medially while going downstairs, pain along the medial gutter, and a valgus and pronation foot deformity. They did find that 42% of patients had previously had an inversion ankle injury, and 35% sustained an eversion trauma previously. The authors concluded that deltoid injuries are a clinically relevant entity that may result in functional deficits over time, requiring operative reconstruction. In our study, we found that there was persistent pain and swelling around the deltoid ligament occasionally, even after an anatomical healing without repair of the deltoid ligament. It was often accompanied by medial ankle instability, associated with feelings of the ankle giving way medially and/or recurrent MCS widening (Figures 4 and 5) . Hsu et al 18 found that the deltoid complex impinged in the medial gutter or retracted distally in football players with high-energy unstable ankle fractures. The authors concluded that without direct repair, the deltoid complex would have likely healed and scarred down into a nonanatomic position. 18 Nonanatomic healing of the deltoid ligament complex injury is known to negatively affect clinical and functional outcomes in the short and long term. 17, 21, 23, 25 Persistent medial ankle pain after bimalleolar equivalent injuries may be related to the subtle or dynamic medial instability from nonoperative deltoid management. 16 For these reasons, since 2009, we have performed a direct repair of the deltoid ligament complex after fixation of the ankle fracture. Although with the numbers available, there was no significant difference in the clinical outcomes between the 2 groups. The final follow-up MCS was significantly smaller in group 2 (P < .01). Studies have shown that even small deviations from anatomic alignment will result in a greatly reduced joint contact area. Tibiotalar contact stress is altered if the talus is laterally translated. The total stress per area increases, which theoretically increases the damage to specific areas of the ankle joint during physiological loading. Thus, the generation of high-stress concentrations may lead to osteoarthritis. Clinical investigators have shown radiographic signs of osteoarthritis develop in ankles with a lateral talar shift greater than 2 mm. 12 On the other hand, recent evidence suggests that repairing the deltoid complex at the time of the lateral malleolus fixation has subjective, functional, and radiologic outcomes that are similar to a lateral malleolus fixation with syndesmotic fixation for bimalleolar equivalent ankle fractures. 21 However, in our study, the intraoperative stress test after ankle fracture and syndesmotic fixation was positive in all patients in group 2. Also, when comparing patients who underwent syndesmotic fixation in both groups, the average final follow-up MCS was significantly smaller in group 2 (P = .02), and all of the clinical outcomes were significantly better in group 2 (P < .05). These findings suggest that operative repair of the deltoid ligament combined with syndesmotic fixation might be necessary to restore and maintain the stability of the ankle mortise in the presence of a deltoid ligament rupture with syndesmotic instability for ankle fractures.
Clement et al 5 found that a higher MCS (over 5 mm) on the gravity radiographs correlates with a lower AOFAS score in isolated lateral malleolar fractures: large MCS values seem amenable to operative treatment. Although not strongly related, the linear regression analysis results were associated with the deterioration of pain-related clinical outcomes while increasing the final follow-up MCS. The pain portion of the functional scores and the VAS scores were greater in group 1 than in group 2. This may have affected the results of the linear regression analysis (Table  4) . Based on these findings, maintaining the MCS similar to that of the postoperative MCS may be expected to have good clinical results. In our study, it was found that patients with a deltoid ligament repair had higher MCS maintenance capacity from the postoperative to final follow-up period. We believe that direct repair of the deltoid ligament plays an important role in maintaining ankle stability in high-energy injuries, such as syndesmotic diastasis and deltoid ligament ruptures associated with ankle fractures.
The weaknesses of our study are largely inherent to its retrospective nature. A prospective, randomized control trial with a larger sample size is needed to support these findings. We had a relatively small number of patients, which can have an effect on the power to evaluate for statistical significance. In addition, our average follow-up was approximately 17 months. Although this would have certainly revealed any early complications, it would not have captured all patients who developed symptomatic osteoarthritis after the study period. We performed an MRI in only a few patients due to the high cost. Because of this, the operative strategy such as repair or reconstruction may not have been clearly defined in some patients. An arthroscopic procedure was not routinely performed at the time of operation. The diagnosis and treatment of an osteochondral lesion, which can accompany an ankle fracture, was not routinely performed. In addition, consensus review by 2 readers who had a disparity in experience levels might be another limitation.
Conclusion
Our experience has shown that medial instability may exist even after fixation of ankle fracture and syndesmosis. Although the clinical outcomes were not significantly different between the 2 groups, we obtained a more favorable MCS and medial stability on the stress gravity mortise view at final follow-up in the deltoid repair group. We have found that deltoid ligament rupture with syndesmosis instability in ankle fractures may benefit from a direct open repair with a suture anchor during ankle fracture and syndesmotic fixation. A direct repair of the deltoid ligament complex with suture anchors resulted in no reported complications or persistent medial ankle symptoms. Therefore, in the case of high-grade unstable fractures of the ankle with syndesmotic instability, a direct repair of the deltoid ligament is adequate for restoring medial stability.
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